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DEVICE, SYSTEM AND METHOD FOR
TRANSMITTING A RESPONSE COMMAND
TO A RADIO USING A VISUALIZATION OF

LOCATIONS OF RADIOS AND
COMMUNICATION LINKS
THEREBETWEEN

BACKGROUND OF THE INVENTION

Radios of public satety personnel, such as police oflicers,
and the like, may not be reachable by a land-mobile radio
network and/or a broadband communications network. An
incident commander and/or deployed public safety person-
nel may hence not have all the mmformation they need to
make proper command decisions.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

In the accompanying figures similar or the same reference
numerals may be repeated to indicate corresponding or
analogous e¢lements. These figures, together with the
detailed description, below are incorporated 1n and form part
of the specification and serve to further illustrate various
embodiments of concepts that include the claimed imnvention,
and to explain various principles and advantages of those
embodiments.

FIG. 1 15 a system for transmitting a response command
to a radio using a visualization of locations of radios and
communication links therebetween, 1n accordance with
some examples.

FI1G. 2 1s a device diagram showing a device structure of
a computing device for transmitting a response command to
a radio using a visualization of locations of radios and
communication links therebetween, in accordance with
some examples.

FIG. 3 1s a flowchart of a method and/or process for
transmitting a response command to a radio using a visual-
ization of locations of radios and communication links
therebetween, 1n accordance with some examples.

FIG. 4 depicts an example of aspects of a process for
transmitting a response command to a radio using a visual-
ization ol locations of radios and communication links
therebetween implemented i the system of FIG. 1, in
accordance with some examples.

FIG. 5 depicts an example of further aspects of a process
for transmitting a response command to a radio using a
visualization of locations of radios and communication links
therebetween implemented in the system of FIG. 1, in
accordance with some examples.

FIG. 6 depicts an example of a visualization, which may
be provided at a radio when only local communication links
are available, 1n accordance with some examples.

Skilled artisans will appreciate that elements 1n the figures
are 1llustrated for simplicity and clarity and have not nec-
essarily been drawn to scale. For example, the dimensions of
some of the elements 1n the figures may be exaggerated
relative to other elements to help improve understanding of
embodiments of the present disclosure.

The system, apparatus, and method components have
been represented where appropriate by conventional sym-
bols 1n the drawings, showing only those specific details that
are pertinent to understanding the embodiments of the
present disclosure so as not to obscure the disclosure with
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details that will be readily apparent to those of ordinary skill
in the art having the benefit of the description herein.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Radios of public safety personnel, such as police oflicers,
and the like, may not be reachable by a land-mobile radio
network and/or a broadband communications network. An
incident commander and/or deployed public safety person-
nel may hence not have all the mformation they need to
make proper command decisions. For example, an attempt
to transmit a response command to a radio may fail as such
a radio may unknowingly be outside a coverage area of a
land-mobile radio network and/or a broadband communica-
tions network, and the like. Hence, there exists a need for an
improved technical method, device, and system for trans-

mitting a response command to a radio using a visualization
of locations of radios and communication links therebe-
tween.

In particular, provided herein 1s a computing device that
may be incorporated with a radio and/or 1n communication
with a radio, the computing device generating a visualiza-
tion of respective locations of radios and communication
links therebetween using, for example, discovery informa-
tion provided from the radios. Some of the radios may be
inside a coverage area of a communication network, while
one radio (or more than one radio) may be 1n communication
with one of the radios, that are inside the coverage area, via
a local communication link (e.g., a line-of-site communica-
tion link, such as two-way radio communication link and/or
walkie-talkie communication link). The visualization may
be provided at a display screen associated with the comput-
ing device and generally distinguishes between radios that
are 1nside the coverage area of the communication network,
and a first radio (or first radios) outside of the coverage area.
The visualization further indicates a second radio in the
coverage area i communication with the first radio via a
local communication link. Using the visualization, a user of
the computing device (e.g., such as an incident commander,
and the like) may understand that the first radio may not be
reachable via the communication network; as such, the
computing device may be operated to provide an input
indicating a response command associated with the first
radio, and the computing device may determine a routing
path from the computing device to a given radio of the radios
that are inside the coverage area; the given radio may
comprise the second radio (e.g., in the coverage area) 1n
communication with the first radio via the local communi-
cation link, or another radio inside the coverage area. The
computing device may transmit, to the given radio, via the
routing path, the response command, such that the given
radio may transmit the routing command to the first radio via
one or more communication links, for example.

An aspect of the present specification provides a method
comprising: generating, at a computing device, a visualiza-
tion of respective locations of radios and communication
links therebetween, the visualization distinguishing between
the radios that are inside a coverage area of a communication
network and a first radio that 1s outside of the coverage area,
the visualization indicating a second radio in commumnication
with the first radio via a local communication link; detecting,
at the computing device, an input indicating a response
command associated with the first radio; determining, at the
computing device, a routing path from the computing device
to a given radio of the radios that are inside the coverage
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area; and transmitting, from the computing device, to the
given radio, via the routing path, the response command.

Another aspect of the present specification provides a
device comprising: a communication umt; and a controller
communicatively coupled to the communication unit, the
controller configured to: generate a visualization of respec-
tive locations of radios and communication links therebe-
tween, the visualization distinguishing between the radios
that are inside a coverage area of a communication network
and a first radio that 1s outside of the coverage area, the
visualization indicating a second radio in communication
with the first radio via a local communication link; detect an
input indicating a response command associated with the
first radio; determine a routing path ifrom the computing
device to a given radio of the radios that are inside the
coverage area; and transmit, by the communication unit, to
the given radio, via the routing path, the response command.

Example embodiments are herein described with refer-
ence to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to example embodiments. It will be under-
stood that each block of the flowchart i1llustrations and/or
block diagrams, and combinations of blocks in the flowchart
illustrations and/or block diagrams, can be implemented by
computer program instructions. These computer program
instructions may be provided to a processor of a general
purpose computer, special purpose computer, or other pro-
grammable data processing apparatus to produce a special
purpose and unique machine, such that the instructions,
which execute via the processor of the computer or other
programmable data processing apparatus, create means for
implementing the functions/acts specified 1n the flowchart
and/or block diagram block or blocks. The methods and
processes set forth herein need not, in some embodiments,
be performed in the exact sequence as shown and likewise
various blocks may be performed 1n parallel rather than in
sequence. Accordingly, the elements of methods and pro-
cesses are referred to herein as “blocks” rather than “steps.”

These computer program instructions may also be stored
in a computer-readable memory that can direct a computer
or other programmable data processing apparatus to function
in a particular manner, such that the instructions stored 1n the
computer-readable memory produce an article of manufac-
ture including instructions, which implement the function/
act specified 1n the flowchart and/or block diagram block or
blocks.

The computer program instructions may also be loaded
onto a computer or other programmable data processing
apparatus that may be on or ofl-premises, or may be
accessed via the cloud 1n any of a software as a service
(SaaS), platform as a service (PaaS), or inirastructure as a
service (IaaS) architecture so as to cause a series of opera-
tional blocks to be performed on the computer or other
programmable apparatus to produce a computer imple-
mented process such that the instructions, which execute on
the computer or other programmable apparatus provide
blocks for implementing the functions/acts specified in the
flowchart and/or block diagram block or blocks. It 1s con-
templated that any part of any aspect or embodiment dis-
cussed 1n this specification can be implemented or combined
with any part of any other aspect or embodiment discussed
in this specification.

Further advantages and features consistent with this dis-
closure will be set forth 1n the following detailed description,
with reference to the drawings.

Attention 1s directed to FIG. 1, which depicts an example
system 100 for transmitting a response command to a radio
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using a visualization of locations of radios and communi-
cation links therebetween. The various components of the
system 100 are 1n communication via any suitable combi-
nation of wired and/or wireless communication links, and
communication links between components of the system
100 are depicted in FIG. 1, and throughout the present
specification, as double-ended arrows between respective
components; the communication links may include any
suitable combination of wireless and/or wired links and/or
wireless and/or wired communication networks.

In particular, communication links depicted herein are 1n
two formats. In some examples communication links are
depicted in solid lines (e.g., a first format) indicating that
such communication links may occur via a communication
network such as a land mobile radio (LMR) network, a
broadband network and the like, and such communication
links may also occur via line-of-site communications and/or
a local communication link, and the like, for example when
two radios communicate using radio-frequency communi-
cations that are not carried via a communication network. In
these examples, 1t 1s understood that components that are
communicating via a such a communication link are in a
coverage area of a network and may alternatively commu-
nicate via a local communication link.

In other examples, however, communication links are
depicted in broken lines (e.g., a second format) indicating
that such communication links may occur via line-of site-
communications, and the like, and/or a local communication
link (which may or may not be line-of-site communica-
tions), but not using a communication network. In these
examples, 1t 1s understood that at least one component that
1s communicating via such a communication link 1s outside
the coverage area of a communication network and hence
cannot (e.g., at least temporarily) communicate via the
communication network.

The system 100 comprises a computing device 102 and a
plurality of radios 104, 106-1, 106-2, 106-3, 106-4, 106. The

radios 106-1, 106-2, 106-3, 106-4 arc interchangeably
referred to, collectively, as a radio 106 and, generically, as
a radio 106; this convention will be used elsewhere 1n the
present specification. In particular, the radios 106 are under-
stood to be 1nside a coverage area 108 of a communication
network, while the radio 104 1s understood to be outside the
coverage area 108. To distinguish the radio 104 from the
other radios 106, the radio 104 1s interchangeably referred to
hereafter as the first radio 104. As depicted, the radios 104,
106 are depicted 1n a region 110 (e.g., depicted as having
streets, etc.) at locations of the radios 104, 106 in the region
110.

The computing device 102 1s depicted as being associated
with, and/or 1n communication with, the radio 106-1. In
particular, the computing device 102 may be incorporated
into the radio 106-1 and/or the computing device 102 may
be separate from the radio 106-1, but may be using the radio
106-1 as a proxy radio for communicating with the other
radios 104, 106. However, the computing device 102 may be
incorporated with any of the radios 106 (e.g., but not the first
radio 104).

In particular, the computing device 102 (e.g., and/or the
radio 106-1) may be operated by, and/or associated with, an
incident commander 112, and the like, while the other radios
104, 106 may be operated by, and/or associated with, public
satety personnel (such as police officers, and the like, not
depicted), being commanded by the incident commander
112. As such, the incident commander 112 may operate the
computing device 102 to provide response commands to the
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other radios 104, 106 to instruct associated public safety
personnel to respond to mcidents, and the like.

The term “response command” as used herein may be
understood to mclude any suitable message and/or commu-
nication that may be transmitted to the radios 104, 106, for
example to provide mformation to associated public-safety
personnel, which may include, but 1s not limited to, com-
mands to respond to an incident and/or any other suitable
information. Similarly, the term “incident commander” may
be understood to include any suitable public-safety person-
nel who may be using the computing device 102 (e.g., and/or
the radio 106-1) to transmit response commands to the other
radios 104, 106. Similarly, the term “public-safety person-
nel” may be understood to include any suitable public-safety
personnel such as police, firefighters, emergency medical
technicians (EMTs) and the like; however, the term “public-
safety personnel” may further include employees of private
companies tasked with implementing public-safety type
services, including, but not limited to, security companies,
and the like. Furthermore, while present examples are
described with respect to public-safety personnel, embodi-
ments described herein may be used by non-public-safety
type companies, and the like, such as delivery companies
and/or any other suitable entity where employees, volun-
teers, and the like, use radios to communicate and response
commands are to be transmitted thereto.

As such the radios 104, 106 may be referred to hereafter
as being operated by users, who may be public-safety
personnel and/or any other suitable user, and the incident
commander 112 may be any suitable user tasked with
monitoring the radios 104, 106 via a visualization.

Furthermore, the radios 104, 106 may be associated with
cach other 1n any suitable manner. For example, the radios
104, 106 may be members of a same talkgroup and/or the
radios 104, 106 may be communicating using a same
channel and/or communication channel, and the like. For
example, the term channels and/or communication channels,
as user herein are understood to include, but not limited to,
talkgroups, and the term “channel” and/or “communication
channel”, as used herein, may include, but 1s not limited to,
a physical radio-frequency (RF) communication channel, a
logical radio-frequency communication channel, a trunking
talkgroup (interchangeably referred to herein a “talkgroup™),
a trunking announcement group, a VOIP (Voice-over-inter-
net-protocol) communication path, a push-to-talk channel,
and the like. Indeed, groups of channels may be logically
organized into talkgroups, and/or dynamically allocated into
talkgroups, though channels 1n a talkgroup may be dynamic
as the trathc (e.g., communications) 1 a talkgroup may
increase or decrease, and channels assigned to the talkgroup
may be adjusted accordingly. Such communications wvia
talkgroups and/or channels may occur via the communica-
tion links 116, 118.

As depicted, the radios 104, 106 are all mobile radios
and/or land-mobile radios however, 1n some examples, one
or more of the radios 104, 106 may be non-mobile; for
example, the radio 106-1 may be a radio at a fixed location
used to communicate with the other radios 104, 106 on
behalf of the computing device 102. In other examples, one
or more the radios 104, 106 may be in other formats, such
as cell phone-type devices, and the like.

In particular, however, the radios 104, 106 may be con-
figured to communicate both via one or more communica-
tion networks, such as an LMR network, a broadband
network, and the like, as well as via local communication
links; as such the radios 104, 106 may each comprise a
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combination of an LMR and/or broadband radio, and a
two-way radio (e.g., such as a walkie-talkie) and the like.

Furthermore, while five radios 104, 106 are depicted, with
four of the radios 106 being inside the coverage areca 108 and
one radio 104 being outside the coverage areca 108, the
system 100 may comprise fewer than four radios 106 (e.g.,
at least one radio 106) inside the coverage area 108 or more
than four radios 106 inside the coverage area 108, and/or the
system 100 may comprise more than one radio 104 outside
the coverage area 108.

As depicted, the computing device 102 may comprise a
terminal, and the like, used by the incident commander 112,
however, the computing device 102 may comprise a mobile
device, such as the radio 106-1, a personal computer, a
laptop computer, and the like. Regardless, the computing
device 102 1s understood to include a display screen 114,
such as a flat panel display, and the like, and at least one
iput device 115 such as a keyboard (e.g., as depicted), a
pointing device (e.g., such as a mouse), and the like. The
computing device 102 may optionally further comprise a
speaker and microphone (e.g., as depicted, provided in the
form of a headset worn by the incident commander 112) to
verbally communicate with the public-safety personnel
operating the radios 106, and the like.

As depicted, the radios 106 1n the coverage area 108 are
In communication via communication links 116-1, 116-2,
116-3, 116-4 (e.g., communication links 116, and/or a com-
munication link 116), which, as described above, may
include communication links via a communication network,
such as a broadband network, an LMR network, and the like,
and/or the communication links 116 may include local
communication links. In particular, while each of the com-
munication links 116 are depicted as being between adjacent
pairs of the radios 106, for example indicating local com-
munication links therebetween, the communication links
116 may include communication links between non-adjacent
radios 106 via a communication network. Hence, for
example, the radio 106-1 may be in direct communication
with each of the other radios 106-2, 106-3, 106-4 via
network communication links 116, however the radio 106-1
may alternatively communicate with another radio 106 via
local communication links 116; for example, as depicted, the
radio 106-1 may communicate with the radio 106-3 via a
broadband communication link 116, and/or the radio 106-1
may communicate with the radio 106-3 via local commu-
nication links 116-1, 116-2 (e.g., via the radio 106-2), and/or
the radio 106-1 may communicate with the radio 106-3 via
local communication links 116-3, 116-4 (¢.g., via the radio
106-4). Hence, the commumication links 116 may include
network and local communication links 116.

In contrast, the first radio 104 is outside the coverage area
108, which may be due a failure of a base station, and the
like, of the communication network outside the coverage
area 108, and/or due interference with the communication
network at the location of the first radio 104, and the like.
Regardless, in FIG. 1, it 1s understood that the first radio 104
1s 1n communication with the radio 106-3 via a local
communication link 118, which may comprise a two-way
radio communication link, and the like. Hence, communi-
cations between the first radio 104 and the radios 106
generally occurs via the communication link 118 and the
radio 106-3. For example, a communication between the
first radio 104 and the computing device 102 may occur via
one more network and/or local communication links 116
between the radio 106-1 and the radio 106-3, and the local
communication link 118 between the radio 106-3 and the
first radio 104.




US 11,252,535 Bl

7

As depicted, the radios 104, 106 may determine local
discovery information 120 and transmait the discovery infor-
mation 120 to the computing device 102 (e.g., as depicted
via the radio 106-1). The discovery information 120 1s
understood to include the respective locations of the radios
104, 106 (c.g., as determined by respective location deter-
mimng devices, including but not lmmited to, a Global
Positioning System (GPS) device, and the like) and 1ndica-
tions of types of the communication links 116, 118 that the
radios 104, 106 are using to communicate. For example, a
radio 104, 106 may include, 1n respective discovery infor-
mation 120 whether a radio 104, 106 1s currently using
two-way radio communications (e.g., local communication
links) only, or 1s using both two-way radio communications
and broadband communications. When a radio 104, 106 1s
communicating via local communication links only, the
discovery mnformation 120 for such a radio 104, 106 may
indicate other radios 104, 106 with which such a radio 104,
106 1s 1n communication. Hence, for example, discovery

information 120 for the first radio 104 may indicate that that
the first radio 104 1s 1n communication with the second radio
106-3.

The discovery information 120 may be transmitted by the
radios 104, 106 periodically and/or upon request by the
computing device 102 and/or when information at a radio
104, 106 changes (e.g., such as a respective location).

The discovery information 120 may further include, but 1s
not limited to:

signal strength measured by one or more of the radios

104, 106 (e.g., such as Received Signal Strength Indi-
cator (RSSI), and the like), and which may include, but
it not limited to, signal strength on one or more of the
communications links 116, 118;

signal quality measured by one or more of the radios 104,

106 (e.g., such as a bit error rate (BER), and the like),
and which may include, but 1t not limited to, signal
quality on one or more of the communications links
116, 118; 1n some examples, signal quality may be a
better indication of a quality of communications on a
communication link 116, 118 as, even 1if an RSSI 1s
relative high for communication link 116, 118, a high
BER may indicate a poor quality of communications;
a number of hops between the radios 104, 106 on respec-
tive local communication links 116, 118 therebetween
(e.g., a number of local communication links 116, 118
between one radio 104, 106 and another radio 104,
106);
nearest neighbor radios 104, 106 of one or more of the
radios 104, 106 (e.g., determined by “pinging” other
radios 104, 106 via local communication links 116, 118
and the like);

respective radio types of the radios 104, 106 (e.g., such as

land-mobile radios or cell phone-type devices, and/or
whether a radio 104, 106 may communicate via both
networked and local communication links 116, 118, or
only one of networked and local communication links
116, 118, and/or a role of an associated user, and the
like, which may be stored at respective memories of the
radios 104, 106); and

respective capability of the radios 104, 106 (e.g., a list of

devices, and the like, such as cameras, microphones,
and/or other monitoring devices, of the radios 104, 106,
and/or capabilities of an associated user, such as medi-
cal tramning, and the like, which may be stored at
respective memories of the radios 104, 106).

While only one set of discovery information 120 1s
depicted as being received at the radio 106-1, 1t 1s under-
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stood that a set of discovery information 120 for each of the
radios 104, 106 may be received at the radio 106-1 (e.g.,
which may generate its own discovery information 120),
and/or one or more amalgamated sets of discovery informa-
tion 120 may be receirved at the radio 106-1 representing
discovery information 120 for one or more of the radios 104,
106.

Regardless, the discovery information 120 generally
allows the computing device 102 to generate a visualization
122 of respective locations of the radios 104, 106 and
communication links 116, 118 therebetween. For example,
the visualization 122 1s depicted as being rendered at the
display screen 114 and includes a map of the region 110; as
such, while not depicted, 1t 1s understood that the computing
device 102 has access to a map database, and the like. As
depicted, the visualization 122 further comprises indica-
tions, in the form of graphical icons, and the like, at
respective locations of the radios 104, 106 on the map. For
clanty, the indications of the radios 104, 106 include text a
particular radio 104, 106. For example, the indication of the
radio 104 1s labelled “104”, the indication of the radio 106-1

1s labelled “106-1"; this convention 1s used elsewhere 1n the
visualization 122.

The visualization 122 further comprises indications of the
communication links 116, 118 between the radios 104, 106,
and types thereof, similar to as described above, with
indications of the communication links 116 being in solid
lines, indicating that respective radios 106 between a com-
munication link 116 are in the coverage arca 108, and the
indications of the communication link 118 1s 1n dashed lines
indicating that the communication link 118 1s a local com-
munication link. As depicted, visualization 122 shows local

communication links 116 between the radios 106 and one
network communication link 116 (e.g., labelled “116 Net-
work Link™) between the radios 106-1, 106-3, though it 1s

understood that network communication links 116 may be
between all the radios 106.

Hence, as depicted, 1t 1s understood that the discovery

information 120 includes indications of local communica-
tion links 116 between the radios 106 as such local com-

munication links 116 are depicted 1n the visualization 122.
However, 1n the absence of such indications of local com-
munication links 116 1n the discovery information 120, the
visualization 122 may omit such indications, but indicate
that the radios 106 are 1n communication via a network
communication links 116 1 any suitable manner such as
showing arrows between all possible pairs of the radios 106
and/or drawing a circle and/or ellipse around the radios 106
(e.g., stmilar to how the coverage area 108 1s depicted in the
region 110), among other possibilities.

Hence, the wvisualization 122 generally distinguishes
between the radios 106 that are inside the coverage area 108
of a communication network and a first radio 104 that 1s
outside of the coverage areca 108. Furthermore, the visual-
ization 122 indicates a second radio 106-3 1n communication
with the first radio 104 via a local communication link 118,
for example by showing the indication of the local commu-
nication link 118 as a dashed line (e.g., a dashed double
ended arrow) between the indications for the radios 104,
106-3.

As depicted, the visualization 122 further comprises an
indication of the computing device 102 (e.g., labelled with
text “102”"), as well as an mdication of the radio 106-1 that
the computing device 102 1s using to communicate with the
other radios 104, 106, for example, 1n the form of an
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indication of a communication link (e.g., a double-ended
arrow ) between the indications of the computing device 102
and the radio 106-1.

Hence, in general, the incident commander 112 may view
the visualization 122 at the display screen 114 to be provided
with an indication of radios 106 that are within the coverage
area 108, and a first radio 104 (and/or more than one radio)
that 1s outside the coverage arca 108.

Hence, when the first radio 104 transmits an indication of
distress, and the like, to the computing device 102 (e.g., via
the communication links 118, 116, and the radio 106-3), the
incident commander 112 may select a given radio 106 from
the visualization 122 to which to transmit a response com-
mand, for example to provide assistance to a user of the first
radio 104. Put another way, the visualization 122 allows a
determination of which of the radios 106 (e.g., and associ-
ated users) are closest to the first radio 104 such that a given
radio 106 may be selected and a response command may be
transmitted to the given radio 106 accordingly, for example
via a determined routing path between the communication

links 116, 118 of the radios 104, 106.

Attention 1s next directed to FIG. 2, which depicts a
schematic block diagram of an example of the computing
device 102. In general, the computing device 102 may
comprise a radio 106 (e.g., such as the radio 106-1) config-
ured to communicate with the radios 104, 106. However, as
depicted, the computing device 102 may comprise a com-
puting device such as a personal computer and/or a laptop
computer, and the like 1n communication with a radio 106
(e.g., as depicted, the radio 106-1).

As depicted, the computing device 102 comprises: a
communication unit 202, a processing unit 204, a Random-
Access Memory (RAM) 206, one or more wireless trans-
ceivers 208 (which may be optional), one or more wired
and/or wireless put/output (I/0) interfaces 210, a com-
bined modulator/demodulator 212, a code Read Only
Memory (ROM) 214, a common data and address bus 216,
a controller 218, and a static memory 220 storing at least one
application 222. Hereafter, the at least one application 222
will be interchangeably referred to as the application 222.
Furthermore, while the memories 206, 214 are depicted as
having a particular structure and/or configuration, (e.g.,
separate RAM 206 and ROM 214), memory of the comput-
ing device 102 may have any suitable structure and/or
configuration.

As depicted, the display screen 114 and the input
device(s) 115 are internal to the computing device 102,
however, the display screen 114 and/or the input device(s)
115 may be external to the computing device 102 and 1n
communication with the controller 218 via one or more
ports.

As shown 1n FIG. 2, the computing device 102 includes
the communication unit 202 commumnicatively coupled to
the common data and address bus 216 of the processing unit
204.

The processing unit 204 may include the code Read Only
Memory (ROM) 214 coupled to the common data and
address bus 216 for storing data for initializing system
components. The processing unit 204 may further include
the controller 218 coupled, by the common data and address
bus 216, to the Random-Access Memory 206 and the static
memory 220.

The communication unit 202 may be included at the
computing device 102 and/or the radio 106-1, and may
include one or more wired and/or wireless input/output (1/0)
interfaces 210 that are configurable to communicate with
other components of the system 100. For example, the
communication unit 202 may include one or more trans-
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ceivers 208 and/or wireless transceivers for communicating
with other suitable components of the system 100. Hence,
the one or more transceivers 208 may be adapted for
communication with one or more communication links
and/or communication networks used to communicate with
the other components of the system 100. For example, the
one or more transcervers 208 may be adapted for commu-
nication with one or more of the Internet, a digital mobile
radio (DMR) network, a Project 25 (P23) network, a terres-
trial trunked radio (TETRA) network, a Bluetooth network,
a Wi-F1 network, for example operating 1n accordance with
an IEEE 802.11 standard (e.g., 802.11a, 802.11b, 802.11g),

an LTE (Long-Term Evolution) network and/or other types
of GSM (Global System for Mobile communications) and/or
3GPP (3" Generation Partnership Project) networks, a 5G
network (e.g., a network architecture compliant with, for
example, the 3GPP TS 23 specification series and/or a new

radio (NR) air interface compliant with the 3GPP TS 38

specification series) standard), a Worldwide Interoperability
for Microwave Access (WIMAX) network, for example
operating 1n accordance with an IEEE 802.16 standard,
and/or another similar type of wireless network. Hence, the
one or more transceivers 208 may include, but are not
limited to, a cell phone transceiver, a DMR transceiver, P25
transceiver, a TETRA transceiver, a 3GPP transceiver, an
LTE transceiver, a GSM transceiver, a 5G transceiver, a
Bluetooth transceiver, a Wi-Fi transceiver, a WiMAX trans-
ceiver, and/or another similar type of wireless transceiver
configurable to communicate via a wireless radio network.

Hence, the communication links 116 may be via any
suitable network.

Furthermore, the communication unit 202 may include
one or more wireless mput/output (I/0) mterfaces 210 that
are configurable to communicate with other components of
the system 100 via two-radio communication links, walkie-
talkie communication links and/or any other suitable RF
communication link (e.g., icluding, but not limited to, a
line-of-site communication link), such as the communica-
tion link 118.

The communication unit 202 may further include one or
more wireline transceivers 208, such as an Ethernet trans-
ceiver, a USB (Umversal Serial Bus) transceiver, or similar
transceiver configurable to communicate via a twisted pair
wire, a coaxial cable, a fiber-optic link, or a similar physical
connection to a wireline network. The transceirver 208 may
also be coupled to a combined modulator/demodulator 212.

The controller 218 may include ports (e.g., hardware
ports) for coupling to other suitable hardware components
(e.g., such as the display screen 114 and/or the input
device(s) 115).

The controller 218 may include one or more logic circuits,
One Or more Processors, one Oor more miCroprocessors,
and/or the controller 218 may include one or more ASIC
(application-specific integrated circuits) and one or more
FPGA (field-programmable gate arrays), and/or another
clectronic device. In some examples, the controller 218
and/or the computing device 102 1s not a generic controller
and/or a generic device, but a device specifically configured
to implement functionality for transmitting a response com-
mand to a radio using a visualization of locations of radios
and communication links therebetween. For example, 1n
some examples, the computing device 102 and/or the con-
troller 218 specifically comprises a computer executable
engine configured to implement functionality for transmuit-
ting a response command to a radio using a visualization of
locations of radios and communication links therebetween.




US 11,252,535 Bl

11

The static memory 220 comprises a non-transitory
machine readable medium that stores machine readable
instructions to implement one or more programs or appli-
cations. Example machine readable media include a non-
volatile storage unit (e.g., Erasable FElectronic Program-
mable Read Only Memory (“EEPROM”), Flash Memory)
and/or a volatile storage unit (e.g., random-access memory
(“RAM”)). In the example of FIG. 2, programming instruc-
tions (e.g., machine readable instructions) that implement
the functional teachings of the computing device 102 as
described herein are maintained, persistently, at the memory
220 and used by the controller 218, which makes appropriate
utilization of volatile storage during the execution of such
programming instructions.

In particular, the memory 220 stores instructions corre-
sponding to the at least one application 222 that, when
executed by the controller 218, enables the controller 218 to
implement functionality for transmitting a response coms-
mand to a radio using a visualization of locations of radios
and communication links therebetween, including but not
limited to, the blocks of the process set forth 1n FIG. 3.

In 1llustrated examples, when the controller 218 executes
the one or more applications 222, the controller 218 1s
enabled to: generate a visualization of respective locations
of radios and communication links therebetween, the visu-
alization distinguishing between the radios that are inside a
coverage area of a communication network and a first radio
that 1s outside of the coverage area, the visualization indi-
cating a second radio 1n communication with the first radio
via a local communication link; detect an mput indicating a
response command associated with the first radio; determine
a routing path from the computing device to a given radio of
the radios that are inside the coverage area; and transmut,
from the computing device 102, to the given radio, via the
routing path, the response command.

The application 222 may include programmatic algo-
rithms, and the like, to implement functionality as described
herein, which may include, but 1s not limited to, one or more
programmatic algorithms.

Alternatively, and/or 1n addition to programmatic algo-
rithms, the application 222 may include one or more
machine learning algorithms to implement functionality as
described herein, and which may include, but 1s not limited
to, a machine learning algorithm. The one or more machine
learning models and/or algorithms of the application 222
may include, but are not limited to: a deep-learning based
algorithm; a neural network; a generalized linear regression
algorithm; a random {forest algorithm; a support vector
machine algorithm; a gradient boosting regression algo-
rithm; a decision tree algorithm; a generalized additive
model; evolutionary programming algorithms; Bayesian
inference algorithms, remnforcement learming algorithms,
and the like. However, generalized linear regression algo-
rithms, random forest algorithms, support vector machine
algorithms, gradient boosting regression algorithms, deci-
sion tree algonthms, generalized additive models, and the
like may be preferred over neural network algorithms, deep
learning algorithms, evolutionary programming algorithms,
and the like, in some public-safety environments. Any
suitable machine learning algorithm and/or deep learning
algorithm and/or neural network, and the like, 1s within the
scope of the present specification.

In examples where the application 222 includes one or
more machine learning algorithms, the computing device
102 may be operated 1n a learming mode to “teach” the one
or more machine learning algorithms to generate the visu-
alization and/or determine a routing path, and the like.
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While the components of the radios 104, 106, are not
described in detail, it 1s understood that components of the
radios 104, 106 be similar to the components of the com-
puting device 102, but adapted for respective functionality
thereol as described herein. For example, the radios 104, 106
may be configured for two-way radio communication, and
the like.

Attention 1s now directed to FIG. 3, which depicts a
flowchart representative of a process 300 for transmitting a
response command to a radio using a visualization of
locations of radios and communication links therebetween.
The operations of the process 300 of FIG. 3 correspond to
machine readable instructions that are executed by the
computing device 102, and specifically the controller 218 of
the computing device 102. In the illustrated example, the
instructions represented by the blocks of FIG. 3 are stored at
the memory 220 for example, as the application 222. The
process 300 of FIG. 3 1s one way 1n which the controller 218
and/or the computing device 102 and/or the system 100 may
be configured. Furthermore, the following discussion of the
process 300 of FIG. 3 will lead to a further understanding of
the system 100, and 1ts various components.

The process 300 of FIG. 3 need not be performed in the
exact sequence as shown and likewise various blocks may
be performed in parallel rather than 1n sequence. Accord-
ingly, as previously mentioned, the elements of process 300
are referred to herein as “blocks” rather than “steps.” The
process 300 of FIG. 3 may be implemented on variations of
the system 100 of FIG. 1, as well.

At a block 302, the controller 218 and/or the computing
device 102, generates the visualization 122 of respective
locations of the radios 104, 106 and communication links
116, 118 therebetween, the visualization 122 distinguishing
between the radios 106 that are mside the coverage arca 108
of a communication network and a first radio 104 that is
outside of the coverage area 108, the visualization 122
indicating a second radio 106 (e.g., such as the radio 106-3)
in communication with the first radio 104 via a local
communication link 118.

For example, as has already been described, the visual-
ization 122 may include graphical icons, and the like, which
may indicate locations of the radios 104, 106, as well as
types of the communication links 116, 118.

Furthermore, while the visualization 122 has heretofore
been described with respect to a two-dimensional space such
as a geographical map, the visualization 122 may comprise
a three-dimensional space, such as a three dimensional map
of a building, and the like, where the radios 104, 106 may
be located. Furthermore, such spaces may be mapped to an
incident region within which the radios 104, 106 are oper-
ating. For example, the region 110 and/or a building, and/the
like may be a region at which an incident (e.g., a public-
safety imncident) 1s occurring, and hence may alternatively be
referred to as an incident region; the radios 104, 106 may be
located 1n such an incident region. Hence, the visualization
122 may comprise a two-dimensional space or a three-
dimensional space mapped to an incident region within
which the radios 104, 106 are operating. When the visual-
1zation 122 1s three-dimensional, indications of the radios
104, 106, and the communication links 116, 118, may be
three-dimensional and/or at diflerent levels of the visualiza-
tion 122 and/or such three-dimensional information may be
presented 1 a two-dimensional format.

As has already been described, the visualization 122 may
be generated from the discovery information 120. As such,
the process 300 may further comprise receiving, at the
controller 218 and/or the computing device 102, from the
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radios 104, 106, the discovery information 120 including the
respective locations of the radios 104, 106 and indications of
types of the communication links 116, 118, the types of the
communication links 116, 118 depending on whether the
radios 104, 106 are mside or outside the coverage area 108,
and the visualization 122 1s understood to be generated from
the discovery information 120.

As has already been described, the discovery mnformation
120 may further comprise one or more of: signal strength
measured by one or more of the radios 104, 106; signal
quality measured by one or more of the radios 104, 106; a
number of hops between the radios 104, 106 on respective
local communication links therebetween; nearest neighbor
radios 104, 106 of one or more of the radios 104, 106;
respective radio types of the radios 104, 106; respective
capability of the radios 104, 106, among other possibilities.
Such imformation may optionally be provided at the visual-
ization 122, for example as graphical icons and/or as text
adjacent 1ndications of the radios 104, 106.

For example, with reference to FIG. 1, the indications of
the radios 104, 106 all show the radios 104, 106 as graphical
icons representing land-mobile radios; however, one or more
of the radios 104, 106 may comprise a cell phone-type
device, as indicated in the discovery information 120, and
the like and a graphical 1con thereotf at the visualization 122
may hence indicate a cell phone rather than a land-mobile
radio.

It 1s further understood that as one or more the radios 104,
106 move and/or as their respective locations change, and/or
as other changes occur at the radios 104, 106, such as signal
strength, signal quality etc., one or more the radios 104, 106
may transmit updated discovery information 120, which
may be received 1n real-time at the computing device 102,
which may update the visualization accordingly. As such,
the process 300 may further comprise: receirving, at the
controller 218 and/or the computing device 102, the discov-
ery information 120 1n real-time; and updating the visual-
ization 122 as updated discovery information 120 1is
received.

At a block 304, the controller 218 and/or the computing
device 102, detects an input indicating a response command
associated with the first radio 104. For example, as will be
explained below, the incident commander 112 may operate
input device 115 at the computing device 102 to generate a
response command that may be transmitted to a given radio
106 to cause a user of the given radio 106 to assist a user of
the first radio 104 in some suitable manner. As such, at the
block 304, the controller 218 and/or the computing device
102, may detect an mput at the input device 115 indicating
a response command associated with the first radio 104;
however such an mput may be detected in any suitable
manner including, but not limited to, recerving voice com-
mands via a microphone of the computing device 102 (e.g.,
such as at a headset worn by the incident commander 112).

At a block 306, the controller 218 and/or the computing
device 102, determines a routing path from the computing
device 102 to a given radio 106 of the radios 106 that are
inside the coverage area 108.

As will be explained below, the given radio 106 for which
a routing path from the computing device 102 1s determined
may be a radio 106 to which a response command 1s to be
transmitted, for example to provide an instruction to assist,
and the like, a user of the first radio 104.

In a particular example, the controller 218 and/or the
computing device 102 may recerve, from the first radio 104,
an indication of distress (e.g., via the communication links

118, 116 and at least the radio 106-3). Such an indication of
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distress may be received 1n the form of a message indicating
that a user of the first radio 104 1s asking for help (e.g., which
may be manually mmitiated at the first radio 104), and the like,
and/or indicating that a man-down and/or vest-piercing
cvent, and the like, may have been detected via the first radio
104 (e¢.g., which may be automatically imitiated at the first
radio 104). Regardless, the block 306 may be implemented
in response to recerving such an indication of distress.

Alternatively, the mput device 115 may be operated to
provide a selection of the given radio 106, such that the
controller 218 and/or the computing device 102 detects such
a selection of the given radio 106. For example, an 1ndica-
tion of the given radio 106 may be selected from the
visualization 122 (e.g., by the incident commander 112
operating the mput device 115).

Alternatively, the second radio 106-3 that 1s 1n commu-
nication with the first radio 104 via the local communication
link 118 may be automatically selected as the given radio
106; 1n particular, the process 300 may further comprise
automatically determining the second radio 106-3, in com-
munication with the first radio 104 via the local communi-
cation link 118, as the given radio 106 inside the coverage
area 108 to which a response command 1s transmitted. Such
an automatic selection of the second radio 106-3 as the given
radio 106 may be based on the second radio 106-3 being the
radio 106 that 1s 1n communication with the first radio 104
via the local communication link 118 and/or the second
radio 106-3 being the closest radio 106 to the first radio 104.
Alternatively, and/or 1n addition, automatic selection of the
second radio 106-3 as the given radio 106 may be based on
capabilities associated with a user of the second radio 106-3
(e.g. such as medical traiming, among other possibilities) for
example as compared to information provided in an 1ndica-
tion ol distress from the first radio 104 (e.g. such as an
indication of a medical emergency, among other possibili-
ties). Furthermore, 1n examples where there are diflerent
routing paths from the computing device 102 to the radios
106 and/or different routing paths from the computing
device 102 to one radio 106 (such as the second radio
106-3), automatic selection of a radio 106 as the given radio
106 may be based on a shortest routing path from the
computing device 102 to a radio 106, and/or a “best” routing
path having a “best” signal strength and/or a “best” signal
quality, among other possibilities. However, any suitable
combination of factors may be used to automatically select
the second radio 106-3 (e.g. or another radio 106), as the
given radio 106 inside the coverage arca 108 to which a
response command 1s transmitted.

Furthermore, 1n some examples, the user 112 of the
computing device 102 may change an automatically selected
radio 106 as the given radio 106, via operation of the input
device 115 and the like.

Regardless, the given radio 106 for which the routing path
1s determined may, in some examples, be understood to be
a selected and/or automatically determined radio 106 that
may be instructed to assist the user of the first radio 104.

Furthermore, a routing path may be understood to include
a combination of one or more communication links 116 from
the computing device 102 and/or the radio 106-1, to the
grven radio 106. For example, as has already been described,
the communication links 116 may comprise a combination
ol network communication links and local communication
links, and a routing path may similarly comprise a combi-
nation of one or more network communication links and/or
one or more local communication links. However, the rout-
ing path to the given radio 106, as determined by the
controller 218 and/or the computing device 102 may be
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generally understood to comprise a shortest and/or fastest
routing path to the given radio 106, and/or the routing path
to the given radio 106, as determined by the controller 218
and/or the computing device 102 may be generally under-
stood to comprise a routing path having a best signal
strength and/or a best signal quality.

In particular, as has already been described, the radios 106
are understood to be configured to communicate via a
communication network (e.g., via network communication
links) and wvia respective local communication links ther-
cbetween. As such, the routing path to the given radio 106,
as determined by the controller 218 and/or the computing
device 102 may comprises one or more of: the communi-
cation network; and a minimum number of the respective
local commumnication links between the radio 106-1 associ-
ated with the computing device 102 and the given radio 106.
For example, discovery information 120 from the one or
more of the radios 106 may indicate that signal strength
and/or signal quality of a network communication link 116
may be poor and/or below a threshold value, such that one
or more local communication links 116 may be at least
temporarily used by such radios 106 in place of network
communication link 116; in these examples, the controller
218 and/or the computing device 102 may include such one
or more local communication links 116 1n the routing path.

However, when a network communication link 116 1s
available, the routing path may comprise such a network
communication link 116. For example, when the given radio
106 comprises the radio 106-3, and a network communica-
tion link 116 between the radios 106-1, 106-3 1s present, the
routing path may comprise the network communication link
116.

At a block 308, the controller 218 and/or the computing
device 102 transmits, from the computing device 102 (e.g.,
by the communication unit 202), to the given radio 106, via
the routing path, the response command.

For example, the given radio 106 may be a radio 106 that
has been selected, and/or automatically determined, to assist
the user of the first radio 104, for example when an indica-
tion of distress 1s received from the first radio 104. As such,
the response command transmitted at the block 308 may
comprise an instruction to one or more of:

generate, at the given radio 106, a notification of the

indication of distress; for example, the indication of
distress may be transmitted to the given radio 106 with
the response command.
travel to a respective location of the first radio 104 to
respond to the indication of distress; for example, the
response command may include the respective location
of the first radio 104 and/or a geographical path to
travel to the respective location of the first radio 104
and/or structions for travelling to the respective loca-
tion of the first radio 104.

cause the given radio 106 to activate a monitoring device
at the first radio 104, via the second radio 106-3 and the
local communication link 118, such that one or more of
audio and video detected by the monitoring device 1s
received at the given radio 106, from the first radio 104,
via the second radio 106-3 and the local communica-
tion link 118. For example, the discovery information
120 may indicate that the first radio 104 includes a
camera, a microphone and/or any suitable monitoring
device, which enables the first radio 104 to monaitor 1ts
surroundings (e.g., via mmages and/or video and/or
audio). As such, the controller 218 and/or the comput-
ing device 102 may provide an indication, in the
response command, of the presence of such a monitor-
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ing device to the given radio 106, which may, 1n
response, transmit a request to the first radio 104, to
activate such a monitoring device to receive audio
and/or video from the first radio 104. However, as the
first radio 104 1s out of the coverage area 108, com-

munications between the first radio 104 and the given
radio 106 are understood to occur via the second radio
106-3 and the local communication link 118. As such,
the given radio 106 may recerve audio and/or video
from the first radio 104 to assist a user of the given
radio 106 with determining how to assist the user of the
first radio 104.

However, the response command transmitted to the given
radio 106 may comprise any suitable information.

Furthermore, 1n some examples, the given radio 106 may
disappear from the visualization 122; for example, the
discovery information 120 from the other radios 104, 106
may 1ndicate that the given radio 106 1s no longer in
communication with the other radios 104, 106. Alterna-
tively, the controller 218 and/or the computing device 102
may remove a radio 104, 106 from the visualization 122
when respective discovery information 120 is not recerved
from a radio 104, 106 within a given time period (e.g., 5
minutes, 10 minutes, 20 minutes, and/or any other suitable
time period, which may correspond to a time period larger
than a periodicity at which a radio 104, 106 transmits
discovery information 120). Alternatively, the controller 218
and/or the computing device 102 may remove a radio 104,
106 from the visualization 122 when no response 1s received
for a request for discovery information 120. Alternatively,
rather than remove a radio 104, 106 {from the visualization
122, the radio 104, 106 may continue to be indicated at the
visualization 122, for example at a last known location
thereof, but 1n manner that indicates that communication has
been lost (e.g., and the like) with the radio 104, 106; for
example, the radio 104, 106 may be provided in a ghosted
manner (e.g., sesmi-transparent), and the like at a last known
location.

In these examples, the controller 218 and/or the comput-
ing device 102 may transmit, to the second radio 106-3, that
was at least previously in communication with the first radio
104 via the local communication link 118, an instruction to
travel to a last known respective location of the first radio
104; 1n particular, 1n these examples, the given radio 106
may be different from the second radio 106-3. However,
when the second radio 106-3 was determined to be the given
radio 106, and the second radio 106-3 disappears from the
visualization 122, the controller 218 and/or the computing
device 102 may transmit, to a remaining radio 106 that is
closest to the first radio 104, an instruction to travel to a last
known respective location of the first radio 104.

The process 300 may comprise any other suitable fea-
tures.

For example, the process 300 may further comprise the
controller 218 and/or the computing device 102 providing,
at the visualization 122, a link to a further other visualization
of respective locations of other radios and respective com-
munication links therebetween, which, when actuated,
causes the visualization 122 to be replaced by the further
visualization. For example, the controller 218 and/or the
computing device 102 may be in commumication with the
radios 104, 106, and a turther group of radios, which may be
communicating, at least partially using a same or different
communication network as the radios 106 and/or may be
associated with a talkgroup different from the talkgroup with
which the radios 104, 106 are associated. In these examples,
the process 300 may be implemented with the other group of
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radios to generate the further visualization of the other
radios and the respective communication links therebe-
tween. A link (e.g., such as a graphical 1con, and the like) to
the further visualization may be provided at the visualization
122 to switch to the further visualization and, similarly, link
(e.g., such as a graphical 1con, and the like) to the visual-

ization 122 may be provided at other visualization to switch
to the visualization 122. Furthermore, more than two visu-

alizations may be generated for respective groups of radios,

and links to the various visualizations may be provided at the
visualizations.

In yet further examples, the process 300 may further
comprise the controller 218 and/or the computing device
102 transmitting, to one or more of the radios 104, 106, an
indication of the visualization 122 to cause a radio 104, 106,
that receives the indication of the wvisualization 122, to
generate a local copy of the visualization 122, for example,
which may be rendered at a local respective display screen.
As such, a radio 104, 106, that recerves the indication of the
visualization 122 may also be provided with locations of the
radio 104, 106 as well as indications of which radios 104 106
are w1th111 or not within, the coverage area 108.

Furthermore, 1n some examples, the process 300 may
turther comprise the controller 218 and/or the computing
device 102, in response to losing coverage by the commu-
nication network (e.g., for the coverage area 108), updating,
the visualization 122 to indicate the radios 104, 106 that are
1n communication via local communication links 116, 118.
For example, with reference to FIG. 1, the communication
links 116 depicted as solid lines may change to a depiction
in broken lines similar to the communication link 118.

Furthermore, when the visualization 122 1s locally pro-
vided at a radio 104, 106, such a local visualization may be
updated to show only radios 104, 106 that are in commu-
nication via local communication links, such as nearest
neighbor radios 104, 106, and the like, for example based on
communications with such nearest neighbor radios 104, 106
via local communication links (e.g., see FIG. 6 described in
more detail below).

It 1s understood that FIG. 1 depicts an example of the
block 302 as FIG. 1 depicts the computing device 102
having generated the visualization 122 as described above.
Attention 1s next directed to FIG. 4 and FIG. 5, which depict
an example of further aspects of the process 300. FIG. 4 and
FIG. 5 are substantially similar to FIG. 1 with like compo-
nents having like numbers.

With attention first directed to FIG. 4, the computing
device 102 1s depicted as receiving an indication 402 of
distress from the first radio 104; as has already been
described, the indication 402 of distress may be manually
initiated by a user of the first radio 104 and/or the indication
402 of distress may be automatically initiated when a
man-down event, a vest-pierce event, and the like, 1s
detected via the first radio 104. The indication 402 of distress
may further indicate such a man-down and/or vest-piercing
event, and the like.

As 1s also seen 1n FIG. 4, the visualization 122 has been
updated to show capabilities of the first radio 104 and in
particular that the first radio 104 includes a camera and a
microphone, which may be determined via the discovery
information 120 and/or updated discovery information 120.
Similarly, the visualization 122 has been updated to show
capabilities associated with a user of the second radio 106-3,
and 1n particular that user of the second radio 106-3 has
medical training, which may be determined via the discov-
ery information 120 and/or updated discovery information
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120. Alternatively, while not depicted, such information may
be retrieved by the computing device 102 from an employee
database and the like.

As depicted, the wvisualization 122 has been further
updated to provide an optional link 404 to a further visual-
ization ol a further group of radios (e.g., ““Ieam B” as the
radios 104, 106 may be a “Team A”), as described above. As
depicted, the link 404 includes an indication 406 (e.g., an
exclamation point) that an indication of distress has been
received by a radio of the other group of radios, such that the
incident commander 112 may switch to the further visual-
ization and also implement the process 300, as described
hereafter.

Attention 1s next directed to FIG. 5, which depicts the
visualization 122 being further updated in response to
receiving the idication 402 of distress. In particular, the
visualization 122 has been updated to show that a user of the
first radio 104 1s 1n distress and/or that the indication 402 of
distress was received, via an indication 502 (e.g., text “In
Distress™) adjacent the indication of the first radio 104. The
indication 502 further includes an electronic button 504,
which, when actuated via the input device 115, and the like,
corresponds to mput being detected (e.g., at the block 304 of
the process 300) indicating a response command associated
with the first radio 104, for example to “Send Assistance” to
the first radio 104. As depicted, the indication 502 further
includes an electronic button 506, which, when actuated via
the input device 115, and the like, may 1nmitiate a message
from the computing device 102 to the first radio 104.

As also depicted 1n FIG. 5, a box 508 1s depicted around
the second radio 106-3 indicating that the second radio
106-3 has been determined to be a given radio 106, to which
a response command 510 1s to be transmitted. The second
radio 106-3 may be selected automatically by the computing
device 102, for example 1n response to the electronic button
504 being actuated and/or the second radio 106-3 may be
selected via the mput device 115 1n conjunction with the
clectronic button 504 being actuated. In some examples,
another radio 106 may have been mitially automatically
selected as the given radio 106 and the user 112 may have
chanted such an automatic selection to the second radio
106-3 via the mnput device 115. Furthermore, the second
radio 106-3 may be selected as the given radio 106, to which
a response command 510 1s to be transmitted, based on a
user of the second radio 106-3 having medical training and
the indication 402 of distress indicating a medical 1ssue with
the user of the first radio 104 (e.g. such as a man-down
and/or vest-piercing event, and the like). However, the
second radio 106-3 may be selected as the given radio 106,
to which a response command 510 1s to be transmitted based
on any capabilities of the user of the second radio 106-3, the
second radio 106-3 being the radio 106 closest to the first
radio 104, the second radio 106-3 being 1n communication
with the first radio 104 via the local communication link 118,
a routing path from the computing device 102 to the second
radio 106-3 having the best signal quality amongst routing
paths to the other radios 106, among other possibilities.

It 1s understood 1n FIG. 5 that the computing device 102
determines (e.g., at the block 306 of the process 300) a
routing path 512 to the second radio 106-3, for example, as
depicted, the network communication link 116 between the
radios 106-1, 106-3.

As also depicted 1n FIG. 5, the response command 510
includes a location of the first radio 104 (e.g., “Location of
104”’) and 1s transmitted by the computing device 102 (e.g.,
at the block 308 of the process 300) to the second radio
106-3 via the routing path 512. As such, the second radio
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106-3 receives the response command 510 and may travel to
the first radio 104 and/or activate the camera and/or micro-
phone at the first radio 104 as described above. In some
alternative examples, the computing device 102, and/or the
second radio 106-3, may further transmit, to the first radio
104, an indication that the second radio 106-3 1s being
assigned and/or instructed to travel to a respective location
of the first radio 104 to respond to the indication 402 of
distress. In yet alternative examples, the computing device
102, and/or the second radio 106-3, may further transmit, to
the other radios 106, an indication that the second radio
106-3 1s being assigned and/or instructed to travel to a
respective location of the first radio 104 to respond to the
indication 402 of distress.

As mentioned above, the incident commander 112 may
actuate the link 404 to see the other group of radios in the
turther visualization and such that a similar response com-
mand 1s transmitted to assist a user of radio from which an
indication of distress has been received.

Attention 1s next directed to FIG. 6, which depicts a
visualization 602, which may be provided at the second
radio 106-3 (e.g., at a display screen thereof) when a
communication network for the coverage area 108 fails, and
the like such that only local communication links are avail-
able. For example, as depicted, the visualization 602 shows
radios 104, 106-2 with which the second radio 106-3 is 1n
communication via local communication links, depicted as
double-ended arrows 1n dashed lines, similar to as described
above. In this manner, a user of the second radio 106-3 may
initiate communication with the radios 104, 106-2, and/or
recelve 1ndications of distress therefrom, and the like, simi-
lar to as described above. Also similar to as described above,
user ol the second radio 106-3 may interact with the visu-
alization 602 using a local mput device, voice commands
and the like.

Yet further alternatives are within the scope of the present
specification. For example, the computing device 102 may
track and/or store an indication that the second radio 106-3
has been assigned to assist the first radio 104. As such, when
a further radio transmits an indication of distress to the
computing device 102, the computing device 102 may
assign another radio 106 (e.g., different from the second
radio 106-3) to assist the further radio. The computing
device 102 may transmit one or more indications to the
radios 106 indicating which radios 106 have been assigned
to assist the various radios from which 1indications of distress
were recerved.

As should be apparent from this detailed description
above, the operations and functions of electronic computing
devices described herein are sufliciently complex as to
require their implementation on a computer system, and
cannot be performed, as a practical matter, in the human
mind. Electronic computing devices such as set forth herein
are understood as requiring and providing speed and accu-
racy and complexity management that are not obtainable by
human mental steps, in addition to the inherently digital
nature ol such operations (e.g., a human mind cannot
interface directly with RAM or other digital storage, cannot
transmit or receive electronic messages, electronically
encoded video, electronically encoded audio, etc., and can-
not transmit a response command to a radio, and cannot
generate a visualization of locations of radios and commu-
nication links therebetween, among other features and func-
tions set forth herein).

In the foregoing specification, specific embodiments have
been described. However, one of ordinary skill in the art
appreciates that various modifications and changes can be
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made without departing from the scope of the imvention as
set forth 1n the claims below. Accordingly, the specification
and figures are to be regarded 1n an illustrative rather than a
restrictive sense, and all such modifications are intended to
be included within the scope of present teachings. The
benelits, advantages, solutions to problems, and any
clement(s) that may cause any benefit, advantage, or solu-
tion to occur or become more pronounced are not to be
construed as a critical, required, or essential features or
clements of any or all the claims. The invention 1s defined
solely by the appended claims including any amendments
made during the pendency of this application and all equiva-
lents of those claims as 1ssued.

Moreover, 1in this document, relational terms such as first
and second, top and bottom, and the like may be used solely
to distinguish one entity or action from another entity or
action without necessarily requiring or implying any actual
such relationship or order between such entities or actions.
The terms “comprises,” “comprising,” “has”, “having,”
“includes™, “including,” *“‘contains™, “contaiming” or any
other vanation thereot, are intended to cover a non-exclusive
inclusion, such that a process, method, article, or apparatus
that comprises, has, includes, contains a list of elements does
not include only those elements but may include other
clements not expressly listed or inherent to such process,
method, article, or apparatus. An element proceeded by
“comprises . . . a’, “has . . . a7, “includes . . . a”,
“contains . .. a” does not, without more constraints, preclude
the existence of additional 1dentical elements 1n the process,
method, article, or apparatus that comprises, has, includes,
contains the element. The terms “a” and “an’ are defined as
one or more unless explicitly stated otherwise herein. The
terms “‘substantially”, “essentially”, “approximately”,
“about” or any other version thereol, are defined as being
close to as understood by one of ordinary skill 1n the art, and
in one non-limiting embodiment the term 1s defined to be
within 10%, 1in another embodiment within 5%, 1n another
embodiment within 1% and 1n another embodiment within
0.5%. The term “‘one of”, without a more limiting modifier
such as “only one of”, and when applied herein to two or
more subsequently defined options such as “one of A and B”
should be construed to mean an existence of any one of the
options 1n the list alone (e.g., A alone or B alone) or any
combination of two or more of the options 1n the list (e.g.,
A and B together).

A device or structure that 1s “configured” 1n a certain way
1s configured 1n at least that way, but may also be configured
in ways that are not listed.

The terms “coupled”, “coupling” or “connected” as used
herein can have several diflerent meamings depending on the
context in which these terms are used. For example, the
terms coupled, coupling, or connected can have a mechani-
cal or electrical connotation. For example, as used herein,
the terms coupled, coupling, or connected can indicate that
two elements or devices are directly connected to one
another or connected to one another through intermediate
elements or devices via an electrical element, electrical
signal or a mechanical element depending on the particular
context.

It will be appreciated that some embodiments may be
comprised ol one or more generic or specialized processors
(or “processing devices™) such as microprocessors, digital
signal processors, customized processors and field program-
mable gate arrays (FPGAs) and umque stored program
instructions (including both software and firmware) that
control the one or more processors to implement, 1 con-
junction with certain non-processor circuits, some, most, or
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all of the functions of the method and/or apparatus described
herein. Alternatively, some or all functions could be 1mple-
mented by a state machine that has no stored program
instructions, or 1n one or more application specific integrated
circuits (ASICs), 1n which each function or some combina-
tions of certain of the functions are implemented as custom
logic. Of course, a combination of the two approaches could
be used.

Moreover, an embodiment can be implemented as a
computer-readable storage medium having computer read-
able code stored thereon for programming a computer (e.g.,
comprising a processor) to perform a method as described
and claimed herein. Any suitable computer-usable or com-
puter readable medium may be utilized. Examples of such
computer-readable storage mediums include, but are not
limited to, a hard disk, a CD-ROM, an optical storage
device, a magnetic storage device, a ROM (Read Only
Memory), a PROM (Programmable Read Only Memory), an
EPROM (Erasable Programmable Read Only Memory), an
EEPROM (Electrically Erasable Programmable Read Only

Memory) and a Flash memory. In the context of this
document, a computer-usable or computer-readable medium
may be any medium that can contain, store, communicate,
propagate, or transport the program for use by or in con-
nection with the instruction execution system, apparatus, or
device.

Further, it 1s expected that one of ordinary skill, notwith-
standing possibly significant effort and many design choices
motivated by, for example, available time, current technol-
ogy, and economic considerations, when guided by the
concepts and principles disclosed herein will be readily
capable of generating such software instructions and pro-
grams and ICs with minimal experimentation. For example,
computer program code for carrying out operations of
various example embodiments may be written 1n an object
oriented programming language such as Java, Smalltalk,
C++, Python, Angular, or the like. However, the computer
program code for carrying out operations of various example
embodiments may also be written 1n conventional proce-
dural programming languages, such as the “C” program-
ming language or similar programming languages. The
program code may execute entirely on a computer, partly on
the computer, as a stand-alone software package, partly on
the computer and partly on a remote computer or server or
entircly on the remote computer or server. In the latter
scenar1o, the remote computer or server may be connected
to the computer through a local area network (LAN) or a
wide area network (WAN), or the connection may be made
to an external computer (for example, through the Internet
using an Internet Service Provider).

The Abstract of the Disclosure 1s provided to allow the
reader to quickly ascertain the nature of the technical dis-
closure. It 1s submitted with the understanding that 1t will not
be used to interpret or limit the scope or meaning of the
claims. In addition, 1n the foregoing Detailed Description, 1t
can be seen that various features are grouped together in
various embodiments for the purpose of streamliming the
disclosure. This method of disclosure 1s not to be interpreted
as reflecting an intention that the claimed embodiments
require more features than are expressly recited in each
claiam. Rather, as the following claims reflect, inventive
subject matter lies 1n less than all features of a single
disclosed embodiment. Thus the following claims are
hereby incorporated 1nto the Detailed Description, with each
claim standing on 1ts own as a separately claimed subject
mattetr.
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What 1s claimed 1s:
1. A method comprising:
generating, at a computing device, a visualization of
respective locations of radios and communication links
therebetween, the visualization distinguishing between
the radios that are inside a coverage area ol a commu-
nication network and a first radio that 1s outside of the
coverage area, the visualization indicating a second
radio 1n communication with the first radio via a local
communication link:
detecting, at the computing device, an mput indicating a
response command associated with the first radio;

determiming, at the computing device, a routing path from
the computing device to a given radio of the radios that
are mside the coverage area; and

transmitting, from the computing device, to the given

radio, via the routing path, the response command.

2. The method of claim 1, further comprising:

detecting a selection of the given radio.

3. The method of claim 1, further comprising;:

automatically determining the second radio, in commu-

nication with the first radio via the local communica-
tion link, as the given radio inside the coverage area to
which the response command 1s transmitted.

4. The method of claim 1, further comprising:

recerving, at the computing device, from the radios,

discovery information including the respective loca-
tions of the radios and indications of types of the
communication links, the types of the communication
links depending on whether the radios are iside or
outside the coverage area,

wherein the visualization 1s generated from the discovery

information.

5. The method of claim 4, wherein the discovery infor-
mation further comprises one or more of:

signal strength measured by one or more of the radios;

signal quality measured by one or more of the radios;

a number ol hops between the radios on respective local

communication links therebetween:

nearest neighbor radios of one or more of the radios;

respective radio types of the radios; and

respective capability of the radios.

6. The method of claim 4, further comprising:

recetving the discovery information in real-time; and

updating the visualization as updated discovery informa-

tion 1s received.

7. The method of claim 1, further comprising receiving,
from the first radio, an indication of distress, and wherein the
response command comprises an instruction to one or more
of:

generate, at the given radio, a notification of the indication

of distress;

travel to a respective location of the first radio to respond

to the indication of distress; and

cause the given radio to activate a monitoring device at

the first radio, via the second radio and the local
communication link, such that one or more of audio and
video detected by the monitoring device 1s received at
the given radio, from the first radio, via the second
radio and the local communication link.

8. The method of claim 1, further comprising:

transmitting, {from the computing device, to one or more

of the radios, an indication of the visualization to cause
a radio, that receives the indication of the visualization,
to generate a local copy of the visualization.

9. The method of claim 1, further comprising:

determining that the given radio has disappeared from the

visualization; and, in response:
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transmitting, to the second radio that was at least previ-
ously 1n communication with the first radio via the local
communication link, an instruction to travel to a last
known respective location of the first radio.

10. The method of claim 1, wherein the radios are
configured to communicate via the communication network
and via respective local communication links therebetween,
such that the routing path comprises one or more of:

the communication network; and

a minimum number of the respective local communica-

tion links between a radio associated with the comput-
ing device and the given radio.

11. The method of claim 1, wherein the wvisualization
comprises a two-dimensional space or a three-dimensional
space mapped to an incident region within which the radios
are operating.

12. The method of claim 1, further comprising;:

providing, at the visualization, a link to a further visual-

ization of respective locations of other radios and
respective communication links therebetween, which,
when actuated, causes the visualization to be replaced
by the further visualization.

13. The method of claim 1, further comprising;:

in response to losing coverage by the communication

network, updating the wvisualization to indicate the
radios that are 1n communication via local communi-
cation links.

14. A device comprising:

a communication unit; and

a controller communicatively coupled to the communica-

tion unit, the controller configured to:

generate a visualization of respective locations of
radios and communication links therebetween, the
visualization distinguishing between the radios that
are 1side a coverage arca of a communication
network and a first radio that 1s outside of the
coverage area, the visualization indicating a second
radio 1 communication with the first radio via a
local communication link;

detect an input indicating a response command asso-
ciated with the first radio;

determine a routing path from the computing device to
a given radio of the radios that are inside the cov-
erage area; and

transmit, by the communication unit, to the given radio,
via the routing path, the response command.

15. The device of claim 14, wherein the controller 1s
turther configured to one or more of:

detect a selection of the given radio; and

automatically determine the second radio, in communi-

cation with the first radio via the local communication
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link, as the given radio inside the coverage area to
which the response command 1s transmitted.
16. The device of claim 14, wherein the controller is
further configured to:
receive, from the radios, discovery mformation including
the respective locations of the radios and indications of
types of the communication links, the types of the
communication links depending on whether the radios
are mside or outside the coverage area,
wherein the visualization 1s generated from the discovery
information.
17. The device of claim 14, wherein the controller 1s
further configured to:
receive, from the first radio, an indication of distress, and
wherein the response command comprises an instruc-
tion to one or more of:
generate, at the given radio, a notification of the indication
of distress;
travel to a respective location of the first radio to respond
to the indication of distress; and
cause the given radio to activate a monitoring device at
the first radio, via the second radio and the local
communication link, such that one or more of audio and
video detected by the monitoring device 1s recerved at
the given radio, from the first radio, via the second
radio and the local communication link.
18. The device of claim 14, wherein the controller 1s
further configured to:
transmit, to one or more of the radios, an indication of the
visualization to cause a radio, that receives the indica-
tion of the visualization, to generate a local copy of the
visualization.

19. The device of claim 14, wherein the controller is
turther configured to:

determine that the given radio has disappeared from the

visualization; and, 1n response:

transmit, to the second radio that was at least previously

in communication with the first radio via the local
communication link, an instruction to travel to a last
known respective location of the first radio.

20. The device of claam 14, wherein the radios are
configured to communicate via the communication network
and via respective local communication links therebetween,
such that the routing path comprises one or more of:

the communication network; and

a minimum number of the respective local communica-

tion links between a radio associated with the comput-
ing device and the given radio.
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